The relation between body fat distribution, as measured by the waist-to-hip circumference ratio, and the 2-year incidences of hypertension and stroke were examined in a cohort of 41,837 women aged 55-69 years. Women who developed hypertension were 2.1 (95% confidence interval 1.7-2.6) times more likely to be in the upper tertile of waist-to-hip ratio than those who did not Adjustment for age, body mass index (kilograms per meter squared), cigarette smoking, physical activity, alcohol intake, and education level reduced this odds ratio to 1.6 (95% confidence interval 1.3-2.1). Women who developed a stroke were also 2.1 (95% confidence interval 1.5-2.9) times more likely to be in the upper tertile of waist-to-hip ratio than those who did not Adjustment for the same covariates also lowered this odds ratio to 1.6 (95% confidence interval 1.1-2.4). Further adjustment for hypertension and diabetes mellitus reduced the estimated risk of stroke due to elevated waist-to-hip ratio to 1 3 (95% confidence interval 0.8-2.1). Hypertension, diabetes mellitus, and cigarette smoking remained significantly associated with stroke incidence in the multivariate model. These results indicate that abdominal adiposity, as measured by an increased waist-to-hip ratio, increases the risks of hypertension and stroke, even after accounting for overall body mass. The association of abdominal adiposity with risk of stroke is related, in part, to the association of abdominal adiposity with hypertension and diabetes. (Stroke 1990-21:701-706) O verweight adults are at increased risk of hypertension 1 and stroke. 2^ To a considerable extent, the increased risk of stroke is attributed to the mediating factors diabetes mellitus, hyperlipidemia, and hypertension.
O verweight adults are at increased risk of hypertension 1 and stroke. 2^ To a considerable extent, the increased risk of stroke is attributed to the mediating factors diabetes mellitus, hyperlipidemia, and hypertension. 2 Nevertheless, obesity has been positively and independently associated with stroke incidence in several studies, including the Framingham Study. 3 The relation of obesity with disease can be further characterized by measuring the distribution of body fat. For example, an increased waist-to-hip circumference ratio, reflecting greater abdominal adiposity, is associated with an increase in hypertension. 4 - 8 In recent prospective studies of women 8 and men 9 in Gothenburg, Sweden, the waist-to-hip ratio was also significantly higher in subjects who sustained a stroke than in those who did not. An elevated waist-to-hip ratio has been further associated with increased rates of coronary heart disease 6 " 8 and diabetes mellitus, 610 themselves risk factors for stroke. To further investigate whether fat distribution is related prospectively to the occurrence of circulatory disorders, we examined the 2-year incidences of hypertension and stroke in a large cohort of older women. We hypothesized that even after accounting for overall body mass, the waist-to-hip ratio would be positively associated with the incidences of hypertension and stroke.
Subjects and Methods
Participants were recruited from a random sample of all women aged 55-69 years listed on the 1985 Iowa driver's license list. 7 A total of 41,837 women responded to a January 1986 (baseline) mail survey, representing a response rate of 42.7%. Compared with nonresponders, responders were approximately 3 months older, 0.4 kg/m 2 lighter, and slightly more likely to live in rural, less affluent counties. body mass index (BMI) was calculated as (weight in kilograms) H-(height in meters) 2 . To assess fat distribution we enclosed a paper tape measure and written instructions for having a friend of the subject measure circumferences of the waist (1 in. above the umbilicus) and hips (at maximal protrusion). We verified the accuracy and reliability of anthropometric values obtained by this protocol in a subsample.
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Subjects reported several personal characteristics, including education level, history of cigarette smoking, frequency of alcohol intake, and leisure physical activity. Participants were also asked about medical history, including physician-diagnosed hypertension, diabetes mellitus, heart attack, and other heart disease. The baseline survey did not include questions about previous stroke.
We followed the cohort both by mail surveys and by linkage to death certificates of the state of Iowa. The second (follow-up) survey was mailed in November 1987 (response rate 90.6%) to obtain the approximately 2-year incidences of hypertension and nonfatal stroke. Participants were asked whether, since the baseline survey, they had been diagnosed by a doctor for the first time as having hypertension or a stroke. Linkage of cohort members to Iowa death certificates was performed by computer. Deaths occurring between 1986 and early 1988 with an underlying cause listed as stroke (International Classification of Disease, ninth revision, codes 430-438) were identified.
To determine the accuracy of self-reports of disease, 45 women who reported hypertension, 40 who reported nonfatal stroke, and 42 who reported neither condition were randomly selected and their physicians were contacted for verification of the self-reports.
Data were analyzed as a nested case-control study. 12 Incident cases of hypertension (n=978) were defined as women free of this condition at the baseline survey who returned the follow-up survey and reported a new diagnosis of hypertension. Incident cases of stroke were defined as women who either died with an underlying cause of stroke (n=23) or who returned the follow-up survey and reported a new diagnosis of stroke since the baseline survey (n = 195). Noncases were randomly selected from the women alive at the follow-up survey without the respective conditions.
The main hypothesis tested was that abdominal adiposity was significantly associated with the incidences of hypertension and stroke independent of BMI. Age-adjusted means of the anthropometric variables were compared using analysis of covariance. Odds ratios were calculated in stratified analyses in which the anthropometric variables were trichotomized by tertile cut points of the entire distribution. Odds ratios were age-adjusted by the Mantel-Haenszel method, 13 and 95% confidence intervals (CIs) were calculated.
14 Unconditional multiple logistic regression was employed for multivariate modeling, using indicator variables to designate the tertiles of the anthropometric variables. Multivariate-adjusted odds ratios and 95% CIs were computed from the logistic regression model. SAS 15 was used for analysis.
Results
Study participants were aged 55-69 years at baseline, and >99% were white. The validation study of self-reported hypertension and nonfatal stroke, using physician reports as the criterion, indicated overreporting of both hypertension and nonfatal stroke. Of 45 women who claimed to have hypertension, the women's physicians verified the diagnosis in 32 (71%). Of 42 women who reported no hypertension, 40 (95%) self-reports were verified. Seventeen (43%) of 40 self-reports of nonfatal stroke were verified, as were 42 (100%) of 42 self-reports of no stroke.
The duration of follow-up for incident hypertension and stroke was approximately 2 years. As shown in Table 1 , women who developed hypertension had significantly higher age-adjusted mean values of all anthropometric variables. The age-adjusted odds ratio for cases being in the highest tertile of BMI compared with noncases was 2.2 ( Table 2 ). The corresponding odds ratios for the highest tertiles of waist circumference and waist-to-hip ratio were 2.5 and 2.1, respectively. The anthropometric variables were correlated: BMI vs. waist circumference, r=0.83; BMI vs. hip circumference, r=0.86; BMI vs. waist-to-hip ratio, r=0.43; and waist circumference vs. waist-to-hip ratio, r=0.76. These correlations sug- gest that waist circumference largely reflects overall body mass, but that the waist-to-hip ratio is more independent of body mass. BMI and waist-to-hip ratio together predicted hypertension better than waist circumference alone. The joint contribution of BMI and waist-to-hip ratio to hypertension risk is shown in Figure 1 . Within each tertile of BMI, the odds of hypertension increased steadily across the tertiles of waist-to-hip ratio.
Former smokers had a 40% increase in ageadjusted risk of hypertension compared with those who had never smoked, but current smokers were at no increased risk (Table 2) . High levels of physical activity were associated with a 30% reduction in risk of hypertension. Ethanol intake (low in this cohort), education level, and diabetes mellitus were not associated with hypertension incidence.
In the multiple logistic model regressing hypertension on BMI and waist-to-hip ratio with age, cigarette smoking, and physical activity as covariates, the adjusted odds ratios (and 95% CIs) for the middle and highest compared with the lowest tertiles of BMI were 1.4 (1.1-1.8) and 1.7 (1.4-2.2), respectively. However, waist-to-hip ratio also contributed independently to risk of hypertension. Odds ratios for the middle and highest tertiles of waist-to-hip ratio were 1.4 (1.1-1.8) and 1.6 (1.3-2.1), respectively. Subjects in both the highest tertile of BMI and the highest tertile of waist-to-hip ratio had a 2.9 (1.8-4.6) times increased risk of hypertension. In this multivariate model, former smokers continued to have a significantly increased risk of hypertension (odds ratio= 1.4), but physical activity no longer contributed to hypertension risk. Table 3 shows that the differences between stroke cases and noncases in mean BMI, weight, waist circumference, and hip circumference were smaller than those observed for hypertension (Table 1) . Jn contrast, the mean difference in waist-to-hip ratio was larger for stroke (0.031) than for hypertension (0.026). As shown in Table 4 , the odds of cases versus noncases being in the highest versus the lowest tertiles were 1.7 for BMI, 2.0 for waist circumference, and 2.1 for waist-to-hip ratio. Figure 2 shows the joint relation of BMI and waist-to-hip ratio.
As shown in Table 4 , age-adjusted stroke risk was elevated in women with diabetes mellitus, hypertension, previous heart attack, other heart disease, low education levels, physical inactivity, current cigarette smoking, and nondrinking. The results of multivariate modeling are shown in Table 5 . Model 1 excludes terms for diabetes mellitus and hypertension, which likely are intermediary variables by which adiposity may increase stroke risk. Stroke risk was increased 1.6 (95% CI 1.1-2.4) times for the highest tertile of waist-to-hip ratio and 1.3 (95% CI 0.9-2.0) times for the highest tertile of BMI. Women who were simultaneously in the highest tertiles of both BMI and waist-to-hip ratio had a 2.1 (95% CI 1.0-4.5) times higher risk of stroke than those who were simultaneously in the lowest tertiles. In addition, Model 1 indicated that former and current cigarette smoking were associated with significantly elevated relative risks of stroke.
When hypertension and diabetes mellitus variables were added to the regression (Model 2 in Table 5 ), the odds ratios for BMI and waist-to-hip ratio diminished to statistically nonsignificant levels (1.1 and 1.3, respectively). In Model 2 the odds of stroke for women simultaneously in the highest tertiles of both BMI and waist-to-hip ratio was 1.4 (95% CI 0.65-3.2). The differences between Models 1 and 2 suggest that the risk of stroke among those with increased abdominal adiposity may be largely mediated through associations with diabetes mellitus and hypertension. Diabetes carried a threefold and hypertension a twofold excess risk of stroke. When a term for previous heart attack (odds ratio 3.8, data not shown) was also added to Model 2, cigarette smoking, diabetes mellitus, and hypertension remained significant risk factors for stroke.
Discussion
Despite clinical observations more than three decades old, 16 only recently has the role of fat distribution in disease been recognized. The waist-to-hip ratio is a simple measure that correlates highly with the relative amount of visceral adipose tissue. 5 Crosssectional studies have consistently reported a positive association between this measure of abdominal adiposity and hypertension prevalence, independent of overall adiposity. 4 -7 A recent prospective study also indicated that the incidence of hypertension was related to abdominal adiposity as measured by both the subscapular skinfold and the subscapular skinfold-to-triceps skinfold ratio. 17 The most plausi- ble mediating factor for these observations are derangements of plasma insulin metabolism. Abdominal adiposity is associated with reduced hepatic clearance of insulin and higher plasma insulin concentrations. 18 Insulin increases sodium reabsorption in the proximal tubule of the kidney 19 and is associated with increased plasma catecholamine concentrations, 20 both of which may increase the risk of hypertension.
Much evidence implicates obesity as a risk factor for stroke by way of greater incidences of hypertension, diabetes mellitus, and hyperlipidemia.
1 It remains equivocal, but not necessarily relevant from a public health standpoint, whether obesity also contributes to stroke etiology independent of these factors. Our study and two previous studies of stroke 8 -9 suggest that abdominal adiposity is the most important aspect of obesity. In addition to its link to hypertension, abdominal adiposity has a strong link to atherogenic factors such as diabetes, 610 hyperinsulinemia, 18 and hyperlipidemia. 521 Waist-to-hip ratio was not significantly related to stroke occurrence in this cohort of women after controlling for diabetes and hypertension. In the cohort of Gothenburg women, 8 waist-to-hip ratio was significantly related to stroke after controlling for blood pressure but was not quite significant after controlling for plasma triglycerides. Diabetes was not investigated as a mediating factor. In Gothenburg men, 9 waist-to-hip ratio predicted stroke independent of these factors.
The drawbacks of our study warrant consideration. We relied on self-reports of both risk factor information and nonfatal disease end points. No data were available on lipid concentrations or type of stroke. Self-reported anthropometry was highly reliable and accurate, 11 but the disease end points, especially stroke, appeared to be overreported compared with physicians' reports. We do not know why stroke was overreported, but perhaps transient ischemic attacks or undiagnosed neurologic symptoms were reported as strokes. It seems unlikely that such end point misclassification would be related to body shape and thus would typically weaken the observed associations toward the null rather than exaggerate them. It is possible that hypertension and stroke detection by local physicians differed between overweight and normal-weight women; however, it seems unlikely that medical surveillance would be biased in relation to body fat distribution. The recruitment response rate was 43%, but nonresponders were similar to responders on several characteristics, and the followup response rate was >90%. Response bias related to body fat distribution in these prospective results seems remote.
We conclude that abdominal adiposity, as measured by the waist-to-hip ratio, is associated with an increased risk of hypertension and stroke in older women. A better understanding of factors that promote the excess accumulation of adipose tissue in the abdomen may lead to measures that would reduce the burden of obesity-related disease. Overweight individuals, especially those whose increased adipose tissue occurs in the abdomen, should be encouraged to lose weight to prevent these and other obesity-related diseases.
